Abstract. Histone methylation is closely associated with the occurrence of cancer. Histone H3 trimethylation at lysine 4 (H3K4me3) has been reported to modulate the expression of tumor-associated expression and be altered during the progression of several human cancers. WD Repeat Domain 82 (Wdr82), a key epigenetics-associated factor, is a component of the H3K4me3 methyltransferase complex. An aim of the present study was to determine H3K4me3 and Wdr82 expression and their clinical significances in colorectal cancer (CRC). Immunohistochemistry results demonstrated that the expression level of the H3K4me3 and Wdr82 were significantly decreased in CRC tissues compared with paired noncancerous tissues from 123 patients with CRC. Furthermore, the negative expression of H3K4me3 and Wdr82 expression were significantly associated with lymph node (n=33, P=0.0001) and liver metastasis (n=30, P=0.0001). Additionally, multivariate Cox regression analysis indicated that the low expression level of H3K4me3 or Wdr82 was associated with reduced overall survival (OS, P<0.05), and patients with a low H3K4me3 and Wdr82 expression had a significantly poorer outcome compared with patients with a high expression of H3K4me3 and Wdr82 (P=0.0001), suggesting that H3K4me3 and Wdr82 expression were independent factors for OS in patients with CRC. In conclusion, the decreased expressions of H3K4me3 and Wdr82 were associated with a poor prognosis in CRC. The combined expression of H3K4me3 and Wdr82 may serve as a novel prognostic marker for CRC.
Introduction
Colorectal cancer (CRC) is known as a widespread malignant tumor, and represents the third most commonly occurring cancer in men and women worldwide (1) . It has been reported that the incidence of colorectal cancer tended to occur in younger individuals (2) . While the incidence rate in people ≥50 years has declined, the incidence among people aged 20-49 years has increased (2) . By 2020 and 2030, the incidence rate for colorectal cancer are expected to increase by ~44 and 107%, respectively, for patients aged 20-34 years old (2) . Approximately one in five patients is diagnosed with metastatic disease, while 30-41% of patients develop metastasis in the process of the evolution of disease (3) . Unfortunately only a small fraction of patients with metastatic CRC can undergo curative resection and progress with disease-free survival (4) . The inconvenience of endoscopy, the golden criteria of CRC diagnosis and the lack of reliable biomarkers culminate in a late diagnosis of malignancy, distant metastasis and consequently low 5-year survival rates (5) . Therefore, the identification of prognostic markers may help to reduce CRC mortality (6, 7) and incidence (8, 9) , and to improve the application of presently available therapies.
Trimethylation of histone H3 at lysine4 (H3K4me3) is a post-translational histone modification (10, 11) . Abnormal H3K4me3 is able to lead to epigenetic alterations, with these alterations resulting in a change in the expression of cancer-associated proteins (12, 13) and the regulation of fundamental cancer-associated functions, including growth and metastasis (14, 15) . Epigenetic alteration is a hallmark of all cancers, therefore; abnormal H3K4me3 has emerged as a mechanism responsible for cancer-associated changes within the epigenome (10, 11) . H3K4me3 is well characterized to be enriched in gene promoters and is associated with gene transcription (16) (17) (18) (19) . Levels of H3K4me3 are commonly altered during different cancer development stages, and can be employed as a predictor for cancer recurrence (20) (21) (22) (23) (24) (25) . The alteration of H3K4me3 has been reported to be important for the activation of genes associated with proliferation and invasion in breast cancer (26) . It has also been demonstrated that promoter-linked H3K4me3 is associated with variant enhancer loci in the colon cancer transcriptome (27) . In addition, H3K4me3 was reported to be principally catalyzed by the histone methyltransferase human SETD1A (hSETD1A), which is an important co-activator of gene transcription (28) . HSETD1A has been identified to be associated with multiple cell activities such as proliferation, migration and invasion, and serves an important role in the metastasis of breast cancer tumors (29) . These data suggested that H3K4me3 may be involved in cell proliferation and metastasis in cancers.
Wdr82, a key epigenetics-associated factor, is an integral component of the SETD1A complex (30) . The SETD1A complex is a principal enzyme that is responsible for global histone H3K4 trimethylation in mammalian cells, which is highly associated with transcriptional activation. It is associated with RNAP II containing Ser5-P CTD and is tethered to RNAP II by Wdr82 (31) . Furthermore, it has been demonstrated that hSETD1A regulates Wnt signaling and controls cellular growth in CRC (25) . Depletion of Wdr82 was demonstrated to decrease SETD1A expression and decrease the occupancy of the SETD1A complex and histone H3K4me3 near the transcription start site of transcribed genes (30) , suggesting that Wdr82 and H3K4me3 may serve roles in the biological functions of cancer cells. However, the expression and clinical significance of Wdr82 in the progression of cancers are still unclear, and the clinical and histopathological features of H3K4me3 in CRC have yet to be established.
In the present study, the expression levels of Wdr82 and H3K4me3 and prognosis of patients CRC were investigated in a large cohort, and the differences between different clinical parameters were compared to determine the role of Wdr82 and H3K4me3 in tumorigenesis and tumor development. The present study demonstrated that Wdr82 and H3K4me3 may be a promising predictor of prognosis in patients with CRC.
Materials and methods

Patients and tissues. The Ethics Committee of The Harbin
Medical University (Harbin, China) approved the research project. CRC cases were identified from the pathology files of the Harbin Medical University Cancer Hospital and patients provided written informed consent. A total of 123 cases record materials from the Department of Pathology at the Harbin Medical University Cancer Hospital and the Department of colorectal surgery at Harbin Medical University Cancer Hospital during the period between January 2005 to December 2015. The present study comprised 73 males and 50 females aged between 29-88 years old (mean age was 58.8 years). Of those, in accordance with the postoperative pathological Tumor-Node-Metastasis stage (32) , the 123 patients were divided into four groups. The number of patients in each group are shown in Table I . Paraffin-embedded colorectal tissues and adjacent normal colorectal tissues were gathered retrospectively. Histopathological and clinical data, histopathological diagnosis, pathological stage and tumor grade were extracted from archival material. Primary carcinomas were assessed according to the 7th edition American Joint Committee on Cancer (AJCC) staging system (32) . The present study used the tissue containing Wdr82 and H3K4me3 including normal mucosa, neoplastic tissue, lymph node and liver metastases to perform immunohistochemical analyses. The inclusion criteria for the present study were as follows: i) All patients with primary tumors underwent complete surgical resection and; ii) No patients received neoadjuvant therapy prior to surgical resection. Tumor characteristics and demographic of the patients are detailed in Table I .
Immunohistochemical (IHC) analysis of paraffin-embedded colorectal tissue. Wdr82 and H3K4me3 expression were evaluated by IHC staining using 4-µm-thick sections. The paraffin-embedded sections were dewaxed in xylene and then rehydrated in 100, 95, 90, 85 and 75% graded series of ethanol solutions for 5 min. Subsequently, antigen retrieval in a steam pressure cooker for 4 min in citrate buffer at pH 6.0 at 120˚C. Endogenous peroxidase activity was blocked with 3% H 2 O 2 for 30 min at room temperature. The sections were incubated with primary antibodies against Wdr82 (#AP20978b, 1:25, Abgent Biotech Co., Ltd., Suzhou, China) and H3K4me3 (CI1038, 1:500, Boster Biological Technology, Pleasanton, CA, USA) overnight at 4˚C and then incubated with Polink-1 horseradish peroxidase-conjugated secondary antibody (ab150113; 1:500; Abcam, Cambridge, UK) at room temperature for 30 min. 3,3'-diaminobenzidine tetrahydrochloride (DAB) was used for development and the slides were counterstained using Mayer's hematoxylin (Beijing Solarbio Science & Technology Co., Ltd., Beijing, China) for 15 sec at room temperature.
Two experienced pathologists blinded to the clinicopathological information scored the H3k4me3 and Wdr82 level in tumor cells by assessing: i) The proportion of positively stained cells: (0, <5%; 1, 6 to 20%; 2, 21 to 50%; 3, 51 to 75%; 4, >75%) and ii) The signal intensity: (0, no signal; 1, weak; 2, moderate; 3, strong). The score was determined by multiplying i and ii (31) . The expression level of H3k4me3 and Wdr82 was obtained by counting the positively and negatively stained cells in 5-10 separate x100 or x400 magnified high-powered microscopic fields and calculating the mean percentage of positively stained cells among the total cells per field by an optical microscope. (Olympus Corporation, Tokyo, Japan). A final scores obtained from the extent scores multiplied by intensity scores were used to identify expression levels. Scores of 0-4 were defined as low expression, and 5-12 were defined as high expression.
Western blot analysis. Cells were washed twice using cold PBS, and then lysed in RIPA cell lysis buffer (Beyotime Institute of Biotechnology, Haimen, China) containing a protease inhibitor cocktail (Roche Diagnostics, Indianapolis, IN, USA) at 4˚C for 15 min. Following centrifugation at 4˚C at 12,000 x g for 10 min, the supernatant was collected and quantified using a bicinchoninic acid quantification kit (Beyotime Institute of Biotechnology). The proteins (30 µg) were separated by 10% SDS-PAGE (Beijing Solarbio Science & Technology Co., Ltd.) and transferred to polyvinylidene fluoride (PVDF) membranes (EMD Millipore, Billerica, MA, USA). PVDF membranes were blocked with 5% non-fat dried milk in TBST for 1 h at room temperature, and incubated overnight at 4˚C with specific primary antibodies: Wdr82 antibody (1:1,000) and H3K4me3 antibody (1:500) and β-actin antibody (1:500) (TA-09; OriGene Technologies., Inc., Beijing, China). HRP-conjugated secondary antibodies: Table I . Wdr82 and H3k4me3 staining in tumor cells and associations with clinicopathological characteristics. 
Results
Wdr82 and H3K4me3 expression decreased during carcinogenesis.
To validate whether Wdr82 and H3K4me3 are involved in the carcinogenesis of CRC, Wdr82 and H3K4me3 expression levels were examined in paired tumors, lymph nodes, liver metastasis and normal mucosa tissues from patients with CRC patients (n=123) by immunohistochemical staining (Fig. 1A-E) . As predicted from previous analyses of Wdr82 and H3K4me3 intracellular localization, Wdr82 immunohistochemical staining displayed cytoplasmic, while H3K4me3 appeared as brown particles, primarily localizing within the nuclei of colorectal epithelial cells (Fig. 1) . Western blot analysis was used to detect Wdr82 and H3K4me3 protein levels in patient tissues and showed the identical results to immunohistochemical staining ( Fig. 1F and G). The Wdr82 ( Fig. 2A) and H3K4me3 (Fig. 2B ) expressions significantly decreased in carcinomas compared with that in non-cancerous mucosa (n=70, P=0.0007; n=70, P=0.0008). Similarly, the Wdr82 and H3K4me3 expressions in lymph node (n=35, P=0.0006; n=33, P<0.0004) and liver metastasis tissues (n=30, P=0.0009; n=30, P=0.0007) markedly reduced relative to non-cancerous mucosa, respectively ( Figs. 1 and 2) . These results suggest that Wdr82 and Table I . Continued.
Wdr82
H3k4me3 H3K4me3 are involved in tumorigenesis and metastasis of CRC and Wdr82 and H3K4me3 are negatively associated with the progression of CRC. 
Clinicopathological --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Association of Wdr82 and
Univariate and multivariate analysis of prognostic factors for overall survival (OS).
To examine the clinical significance of H3K4me3 and Wdr82 expression, survival analyses were conducted using the Kaplan-Meier curves with a log-rank test. The median OS for the all patients (n = 123) was 45.24 months and the 5-year OS rate was 33.3%. The results demonstrated that patients with a high expression of H3K4me3 or Wdr82 had a significantly improved OS relative to the patients with a low expression of H3K4me3 (50.72 vs. 39.29 months, χ 2 = 9.440, P=0.0042) (Fig. 3A) or Wdr82 (47.51 vs. 44.30 months, χ 2 = 0.4365, P=0.0224) (Fig. 3B) . Especially, patients with a positive expression of H3K4me3 and Wdr82 exhibited a markedly improved OS compared with the patients with a negative expression of H3K4me3 and Wdr82 (P=0.0001, Fig. 3C ), suggesting that the expression levels of H3K4me3 and Wdr82 were positively associated with the OS of patients with CRC.
Univariate analysis indicated that clinicopathological parameters such as pN classification status, AJCC stage and tumor grade are also of prognostic value, and the expression of H3K4me3 or Wdr82 in tumor cells were potential predictors of OS (Table II) . In addition, multivariate Cox model analysis demonstrated that patients with positive H3K4me3 and Wdr82 expression [Hazard ratio (HR) (95% confidence interval CI)], 2.988 (1.591-5.612), P=0.001 and HR (95% CI), 1.980 (1.064-3.847), P=0.032, respectively) had an improved OS in comparison to negative H3K4me3 and Wdr82 expression (Table II) . The data suggests that H3K4me3 and Wdr82 expression are independent prognostic indicators of OS in patients with CRC (Table II) .
Discussion
The prevalence of CRC means it is one of the most commonly occurring cancer types worldwide (33) . Several biomarkers, including CEA, CA199 and CA125, are associated with clinical significances and have been explored in scientific research or used in clinical practice; however, its diagnostic applications have thus far been limited (33) . The inconvenience of endoscopy, the golden criteria of CRC diagnosis and the lack of reliable biomarkers lead to a late diagnosis of malignancy, distant metastasis and consequently poor survival rates (5) . Therefore, the identification of prognostic markers may be significant in the reduction of CRC mortality and improving the presently available treatments.
Epigenetics serves an important role in a variety of cellular biological processes, such as proliferation, migration and invasion (29) . H3K4 methylation is associated with transcriptional activation, altered in several human cancer types (29) and H3K4me3, which can be catalyzed to the histone methyltransferase SETD1A (28), has been reported to regulate the activation of cancer-associated genes and be associated with growth and invasion in breast cancer (26) . Wdr82, is a component of the H3K4me3 methyltransferase complex, which has been demonstrated to affect the levels of Setd1A expression and histone H3K4me3 near the transcription start site of transcribed genes (30) . However, the associations between Wdr82 and cancer progression and the physiological functions of H3K4me3 and Wdr82 in cancer remain unclear. In the present study, the results indicated, to the best of our knowledge for the first time that Wdr82 expression level in tumor cells is significantly and independently associated with the OS of patients with CRC. An association between H3K4me3 and Wdr82 expression and cancer progression and prognosis in CRC was established, and the expressions of H3Ke3 and WdrR82 in tumor, lymph node or liver metastasis in tissues were identified to be significantly decreased compared with the normal mucosa in patients with CRC. The present study also demonstrated that the increased expressions of H3K4me3 and Wdr82 were associated with an improved prognosis in CRC, suggesting that H3K4me3 and functioned as suppressors for CRC.
Post-translational modifications of histones, including phosphorylation, ubiquitination, acetylation and methylation, have been associated with the regulation of gene expression (34) . Histone methylation has been found for over 30 years (35) and site-specific histone methylation and the corresponding methyltransferases have also been identified by previous studies (36, 37) . The catalytic core for the majority of histone lysine methyltransferases is located in the SET domain (36) . The SET domain is an evolutionarily conserved motif, with homologues present in organisms ranging from yeast to humans (38) . Set1 methyltransferase is responsible for histone H3 lysine 4 (H3K4) methylation and catalyzes the addition of up to three methyl groups to the substrate (39-42). Setd1A belongs to the Set1 family of H3K4 methyltransferases (43) . H3K4me3 is relative to the transcription start site of transcribed genes and the human Setd1A histone H3-Lys4 methyltransferase complex was identified to be relative to the RNA polymerase II large subunit by binding to the Ser5-phosphorylated C-terminal domain (CTD) of RNA polymerase II (17) . Wdr82, a C-terminal domain-binding protein, quickly identifies Ser5-P CTD (30) and recruits the Setd1A histone H3-Lys4 methyltransferase complex through the RNA recognition motif domain of Setd1A to transcription start sites of transcribed human genes, therefore regulating gene expression (30) .
Human Setd1A has been demonstrated to be upregulated in multiple metastatic breast cancer cell lines and clinical tumor specimens (29) . A high expression of H3K4me3 was associated with a poor prognosis in hepatocellular carcinoma (22) . However, in the present study, the expression of Wdr82 and H3K4me3 were identified to be inversely associated with lymph node and liver metastasis and predicted an improved prognosis in CRC. Additionally, it has also been reported that patients with low levels of H3K4me1-3 exhibited a shorter overall survival time in renal cell carcinoma (20) . The above results seemed to be conflicting; however, considering that each cancer is unique, protein expression and clinical outcomes differ between different tumor types (44) . Setd1A has been reported to regulate Wnt target genes and controls the tumor growth of colorectal cancer cells (25) . Furthermore, Setd1A modulates cell cycle progression and tumorigenesis through regulating p53 target genes in mouse xenograft models, suggesting that the markedly specific genetic consequences are associated with alterations in chromatin modulators in cancer. However, the underlying mechanism of regulation of Wdr82 and H3K4me3 in CRC tumorigenesis remains unclear. Whether these cancer-associated genes are involved in epigenetic modulation in CRC requires further investigation.
To conclude, the present study determined the association between H3K4me3 and Wdr82 expression and prognosis in CRC, and identified that increased expressions of H3K4me3 and Wdr82 were associated with an improved prognosis in CRC. The combined expression of H3K4me3 and Wdr82 may represent a novel and promising prognostic marker for CRC. 
